There is great enthusiasm for lung cancer screening using lowdose computed tomography (LDCT) following the publication of the results of the National Lung Screening Trial (NLST) [1] . This is understandable given the current low survival of patients diagnosed with symptomatic lung cancer and the very slow progress of improvements in treatment for the disease. Although there are several trials of lung screening using LDCT, the NLST is, and is likely to remain, the largest. One of the most remarkable features of the NLST is that benefit in terms of lower lung cancer mortality in the LDCT arm compared with the chest x-ray control arm began to accrue by the end of the first year after randomization and reached maximum benefit at 6 years. However, this early benefit has not been seen in three small European trials that have reported lung cancer mortality [2] [3] [4] .
In addition to concern about whether it will be possible to replicate the NLST's results in the general population, it is important to recognize that there are a number of potential harms from LDCT screening (Table 1) . They include hazard from the test itself, false reassurance from a false negative test, large numbers of false positive tests (low specificity), and complications from the investigation of false positive tests. In addition, there is earlier experience of "life with cancer" from true positive detection without extension of lifespan (lead time and overdiagnosis) with complications of unnecessarily early therapy and costs of unnecessary screening, diagnostic tests, and treatment. All of these costs represent a financial investment that might be applied more effectively to other health maneuvers-"opportunity" costs. Some of these will now be considered further.
Hazards From the Test
LDCT involves substantially more radiation than is needed for chest x-rays. Under circumstances where a patient is symptomatic and a CT is required for diagnosis, the risk from radiation will generally be accepted, providing the dose is kept as low as reasonably achievable (the ALARA principle). However, in a screening program, when it is expected that the majority of those screened will not be found to have the disease, and especially when the program for an individual continues for many years, the harm from radiation could become important in further increasing the risk for lung cancer. Given that these programs will be recruiting those with a history of heavy smoking, there may be more harm to smokers than to non-smokers because we know there is a multiplicative interaction between smoking and radiation in the induction of lung cancer. Further, repeat (diagnostic) CT will add to the radiation dose in those who have a positive test. The LDCT screening trials have not been followed long enough to evaluate such an effect, and now that follow-up of the NLST has ceased, such an evaluation may never be possible by direct evidence. However, in one microsimulation model based on data from the NLST, screening was beneficial but had a higher cost per quality-adjusted lifeyear when the model included radiation-induced lung cancers [5] .
Lack of Specificity from LDCT Screening
Of the 74,477 screening procedures performed in the NLST, 17,497 (23%) of the screens were false positive, for a specificity of 77% [1] . This is low for a screening test. Some of these positive screens were not considered to require diagnostic follow-up; however, 12,108 (16%) were, of which 9,781 (13%) patients underwent clinical testing and 9,597 (13%) received further imaging.
Among those required to have diagnostic follow-up who were not found to have lung cancer, 227 had bronchoscopy and 66 underwent needle biopsy. One patient had a complication deemed major as a result of the testing, and 11 patients died within 60 days.
We must bear in mind that, even among those found to have lung cancer as a result of the screening, case detection is not equivalent to benefit. The detected cancer may not be curable, and its natural history may not be modified by available treatment (in NLST, 80% of the expected lung cancer deaths still occurred), whereas cancer detected by screening may never have presented clinically in the patient's lifetime, which is what we term overdiagnosis.
Overdiagnosis in NLST
There were some important differences in the stage distribution of lung cancers detected at the three screening rounds of the NLST [1] . At each round, an excess of stage IA lung cancers was detected in the LDCT arm, totaling 336 versus 112 detected in the chest x-ray arm, and suggesting substantial overdiagnosis. However, this excess was partially offset by a reduction in stage IV lung cancers detected in the LDCT arm at the second and third repeat screens (although the numbers were identical at the prevalence screen), totaling 106 and 143, respectively. Nevertheless, these differences were reflected in an excess of lung cancers ascertained in the LDCT group at the end of the re-ported follow-up, 1,060 versus 941, respectively, an excess of 119, representing 16.5% of the screen-detected cancers in the LDCT arm. This is a fair approximation of the extent of overdiagnosis in NLST, as shown by of Figure 1A in the report [1] . The excess in numbers of lung cancer cases in the LDCT arm reached a maximum at the end of the period of screening. There is then a catch-up in cases diagnosed in the chest x-ray arm until about year 6, after which the difference between the arms is relatively stable.
The comparison in NLST is between LDCT and chest xray screening, and overdiagnosis was associated with chest x-ray screening in the Mayo Lung trial [6] . In the Prostate, Lung, Colorectal, and Ovarian (PLCO) screening trial, which evaluated chest x-ray screening versus usual care, there was an indication of slight (nonsignificant) overdiagnosis [7] . Thus, throughout the period of follow-up, there was an excess of positive cases in the screening arm compared with the usual care arm. At 9 years of follow-up, there was an excess of 36 cases, more than 10% of the screen-detected cases. Adjusting the 16.5% overdiagnosis in NLST by this excess in PLCO suggests that LDCT results in overdiagnosis in more than one fourth of the cases compared with no screening, a not inconsiderable disadvantage of such screening.
Unfortunately, although we have some clues (e.g., those diagnosed with a broncho-alveolar carcinoma seem more likely to be overdiagnosed than those with other types of nonsmall cell lung cancer or small cell lung cancer), we cannot determine which patient is likely to be, or has been, overdiagnosed. This is why we must bear in mind the popularity paradox [8] , "The greater the harm through overdiagnosis and overtreatment from screening, the more people there are who believe they owe their health, or even their life, to the programme."
Opportunity Costs
We cannot afford to do everything. The resources used for LDCT screening could reduce those available for the diagnosis and management of symptomatic patients, whereas new funds required for a screening program could divert funds from primary prevention, especially smoking cessation in current smokers. Smoking cessation is more costeffective than LDCT screening [5, 9] , although cessation programs will not have an impact on those who have already given up smoking yet retain the lung cancer risk they had acquired up to the time of cessation. Therefore, ethical issues must be considered.
Ethical Principles Related to Screening
Screening is a public health process. Screening is initiated by the institutions doing the screening, not offered in response to a felt need by those would undergo screening. It is ethically imperative that those offering screening be able to guarantee those who agree to accept screening that they will receive more benefit than harm. So far, we do not have confirmation that this is so for LDCT screening, although mathematical modeling suggests that screening will be cost-effective, provided the program incorporates major efforts to promote smoking cessation in continuing smokers [5, 9] .
Major Residual Concerns
It is not clear whether annual LDCT screening is affordable or whether it is necessary for maximum benefit; that is, we do not know how frequently LDCT has to be repeated to maintain a benefit, whether it is annually or every 2 years or every 5 years. However, we do know that relaxing the smoking recruitment criteria used in the NLST would increase the cost of screening considerably without an increase in benefit by increasing the opportunity costs. Indeed, some modeling is ongoing to determine whether stricter recruitment criteria, such as a more restricted (or older) age range, and a previous history of greater smoking, such as 40 pack-years, should be used rather than the NLST criteria.
CONCLUSION
There are still a number of unanswered questions before we can be satisfied that an agreed policy of screening for lung cancer with LDCT can be introduced. This was also the conclusion of an American multisociety collaborative initiative [10] . In considering lung screening, we should not ignore the difficulties other screening programs have encountered, not the least of which is recruiting a sufficient proportion of participants for the at-risk group to obtain an impact at the population level. Further, the failure of other trials to replicate the early benefit seen in NLST is troubling and suggests that the type of respondents recruited may have implications on the results achieved.
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